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inod Thourani, MD, David Liff, MD, Edward Chen, MD, Thomas Vassiliades, MD,
lay Chappell, MD, Nathan Gross, BS, Ateet Patel, BA, Sharon Howell, BS,
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bjectives Our aim was to describe the use of balloon aortic valvuloplasty (BAV) to select proper
ranscatheter heart valve (THV) size.
ackground Transesophageal echocardiogram (TEE) measurement alone of the aortic annulus may
ot be adequate to select a THV size. BAV can more accurately size the aortic annulus. We report
ur experience using this strategy in patients undergoing THV implantation.
ethods Twenty-seven patients underwent sizing of the aortic annulus by BAV and TEE. We im-
lanted the minimal THV size that was greater than the annulus measured by BAV.
esults The annulus measured by TEE was 21.3  1.6 mm and by BAV was 22.6  1.8 mm (p 
.001). The number of balloon inﬂations was 2.7  0.7 (range 2 to 4), and the balloon sizes used
ere 22.0  1.8 mm (range 20 to 25 mm). Fourteen patients (52%) required upsizing of the initial
alloon suggested by TEE; rapid pacing duration was 8  1.3 s (range 6 to 11 s). No change in aor-
ic insufﬁciency or hemodynamic instability occurred with BAV. Fifteen patients (56%) received a
3-mm THV; 12 patients a 26-mm THV. No coronary occlusion, annular damage, or THV emboliza-
ion occurred. Paravalvular leak was grade 1 in all patients. In 7 patients (26%), balloon sizing re-
ulted in selection of a speciﬁc THV size that could not be done by TEE alone.
onclusions BAV sizing of the aortic annulus is safe and is an important adjunct to TEE when se-
ecting THV size. Implanting the minimal THV greater than the BAV annulus size resulted in no ad-
erse events. These data suggest that use of BAV for THV selection may improve the safety and efﬁ-
acy of THV implantation. (J Am Coll Cardiol Intv 2010;3:114–8) © 2010 by the American College
f Cardiology Foundation
rom the Andreas Gruentzig Cardiovascular Center, Emory University Hospital, Atlanta, Georgia.anuscript received August 17, 2009, accepted September 20, 2009.
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115ranscatheter heart valve (THV) implantation is used to
reat a subset of high-risk or inoperable patients with aortic
tenosis (1–6). There are 2 available THV sizes (Edwards
ifesciences, Irvine, California), and choosing the correct
HV size based upon echocardiography measurements of
he aortic annulus can be difficult or even inaccurate (2,5,6).
e have previously described a technique to size the aortic
nnulus using balloon aortic valvuloplasty (BAV) catheters
n patients undergoing surgical aortic valve replacement, and
ave since used this technique in our patients undergoing
mplantation with a balloon-expandable THV (7). This
eport describes the experience with BAV to size the aortic
nnulus, and the use of these findings to select the best
HV size to minimize the risk of embolization, significant
Figure 1. Preparation and Use of a BAV Catheter to Measure Aortic
Annulus Size
(A) The equipment used for balloon aortic valvuloplasty (BAV) annulus siz-
ing includes: (1) inﬂation syringe; (2) 4-way stop clock; (3) BAV catheter; (4)
sterile caliper; and (5) indeﬂator pressure gauge. (B) The volume in the
inﬂation syringe is adjusted so that complete emptying of the syringe
results in a nominal pressure of 2 atms in the BAV catheter (measurement
from indeﬂator pressure gauge shown). (C) At 2 atms, the balloon diameter
is measured with sterile calipers. (D) The BAV catheter is inserted retro-
grade through the aortic valve and inﬂated with full volume. If the balloon
diameter is smaller than the aortic annulus, the intraballoon pressure
remains 2 atms. (E) If the balloon diameter is the same or larger than the
aortic annulus, there is additional intraballoon pressure generated (2i
atms).aravalvular leak (PVL), coronary obstruction, or damage to
he aortic root.
ethods
wenty-seven patients undergoing transfemoral implanta-
ion of a THV for aortic stenosis were studied from January
008 to April 2009. All patients were part of the PART-
ER (Placement of AoRTic TraNscathetER Valve Trial,
dwards Lifesciences) trial to study the efficacy of a
alloon-expandable THV (Edwards SAPIEN valve) in
onoperable or high-risk surgical candidates. The study
as approved and performed in accordance with the
egulations of the hospital institutional review board
Emory University Hospital, Atlanta, Georgia).
chocardiographic measurements. Transesophageal echo-
ardiograms (TEEs) were performed and interpreted by an
xperienced echocardiographer throughout the THV pro-
edure. The aortic annulus (internal distance between the
owest insertion of the noncoronary and right coronary
ortic cusp) was measured pre-implantation in the 3-chamber,
ong-axis view. When TEE was
ot possible, intraprocedure trans-
horacic echocardiogram was per-
ormed (parasternal long-axis
iew). Three measurements were
ade to confirm the annulus di-
ension. In cases of discordant
easurement, the largest annular
imension was used. PVL was
raded as 0 to 4 (none, mild,
oderate, or severe) using color
oppler in a short-axis view of
he THV immediately after im-
lantation (8).
AV. All patients had BAV (Z-MED balloons, NuMED,
nc., Hopkinton, New York) before THV implantation. In
ddition to dilating the native valve, BAV was used to size
he aortic annulus. The protocol for balloon sizing the aortic
nnulus has been previously described and is summarized
ere and in Figure 1. The starting BAV catheter was
elected so the diameter of the balloon was within 2 mm of
he annulus measured by TEE; all balloon lengths were 4
m. The BAV catheter was connected via 4-way stopclock
o an indeflator device for pressure measurements and a 30
c inflation syringe. The balloons were inflated on a sterile
able, and the volume in the inflation syringe (saline/
ontrast mixture 7:1) was adjusted so that 2 atms of
ntraballoon pressure was generated at maximum inflation
Fig. 1B). Calipers were used to measure the balloon
iameter at 2 atms (Fig. 1C). The balloon was then
eflated, inserted retrograde through the aortic valve, and
sed for BAV during rapid, right ventricular pacing. At full
Abbreviations
and Acronyms
AIBP  additional
intraballoon pressure
BAV  balloon aortic
valvuloplasty
PVL  paravalvular leak
TEE  transesophageal
echocardiogram
THV  transcatheter heart
valvenflation, the intraballoon pressure, measured on the inde-
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116ator gauge, was recorded. If the intraballoon pressure did
ot exceed 2 atms (Fig. 1D), there was no force exerted by
he aortic annulus on the balloon, and, hence, the annulus
as larger than the balloon. If the intraballoon pressure
xceeded 2 atms (i.e., additional intraballoon pressure
AIBP] was present) (Fig. 1E), the annulus size had been
eached or exceeded by the balloon. AIBP was calculated by
ubtracting the nominal inflation pressure (2 atms) from the
ntraballoon pressure generated during BAV. Two balloon
nflations were done to verify pressure measurements. A
chematic of BAV annulus sizing is shown in Figure 2.
HV selection and implantation. We selected the minimal
HV size (23 or 26 mm diameter) that was greater than the
alloon diameter that generated AIBP. Transfemoral im-
lantation of the THV was performed by standard tech-
iques previously described.
tatistical analysis. Comparison of aortic insufficiency (pre-
s. post-BAV) and annulus size (echocardiography vs.
alloon sizing) were performed using a paired t test.
ifferences were considered statistically significant at a
alue of p  0.05. All values were expressed as mean  SD.
esults
atient characteristics. Table 1 shows patient characteris-
ics. All patients had tri-leaflet aortic valve degeneration.
our patients with nonrevascularized coronary artery
isease were not amenable to stenting and/or bypass
evascularization (1 nonoperable patient with chronic
otal occlusion of the right coronary artery with collater-
ls from the left coronary artery, 1 nonoperable patient
ith chronic total occlusion of the left anterior descend-
Figure 2. Schematic of Aortic Annulus Sizing by BAV Catheter
After preparation on a sterile table, the balloon aortic valvuloplasty (BAV) cath
erated (i.e., 2 atms of intraballoon pressure or no push back by the annulus on
larger size. Once additional intraballoon pressure is generated (i.e., 2 atms in
size has been reached.ng coronary artery [7] with bridging collaterals, 1 high-
isk operable patient with proximally occluded left ante-
ior descending coronary artery without collaterals and
eft internal mammary bypass to the diagonal branch, and
high-risk operable patient with occluded vein graft to a
osterior descending artery, which was a poor target for
egrafting).
AV procedure. Table 2 shows the details of the BAV
rocedure. To minimize the number of balloon inflations,
e moved to larger balloon sizes if the initial balloon was
oo small (i.e., no AIBP). The average number of balloon
nflations was 3, and the duration of rapid pacing was
10 s for 25 of 27 patients. BAV did not cause any
hange in aortic insufficiency (p  NS). Despite patients
ith depressed ejection fraction, low cardiac index, and
orcelain aorta (Table 1), BAV with annulus sizing was
inﬂated across the aortic valve. If no additional intraballoon pressure is gen-
on), the balloon is too small and the procedure should be repeated with a
loon pressure or push-back by the annulus on balloon), the balloon annulus
Table 1. Baseline Patient Characteristics
No. of Patients and Parameters (%)
Age, yrs (range) 83 (66–95)
Sex, male 13 (48)
Ejection fraction, % (range) 47 14 (20–60)
Cardiac index, l/min/m2 (range) 2.2 0.7 (1.2–3.7)
Right ventricular dysfunction* 7 (26)
Porcelain aorta 5 (19)
Pulmonary hypertension† 11 (41)
Nonrevascularized CAD‡ 4 (15)
*Moderate or severe right ventricular dysfunction by baseline transthoracic echocardiogram or
transesophageal echocardiogram; †systolic pulmonary artery pressure60mmHg; ‡see Results
section.
CAD coronary artery disease.eter is
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117ell tolerated without prolonged hypotension post-
nflation or other complications.
HV selection and implantation. The implant selection data
or each patient are shown in Table 3. On average, the
nnulus measured by BAV was 1 mm larger than that
ound on TEE (p  0.001), with discrepancies up to 3.5
m. Annulus measurement by BAV was most helpful in
electing THVs in 7 patients (26%) with TEE annulus size
onsidered “borderline”: patients with TEE annulus mea-
urement of 21 mm (Patients #4, #13, #22, and #25), female
atients with TEE annulus measurement of 22 mm (Patient
2), patients with TEE annulus measurement 24 mm
Patient #26), and patients unable to undergo TEE (Patient
27, male, 21-mm transthoracic echocardiogram annulus,
2-mm BAV annulus, implanted with a 23-mm THV).
he THVs selected were 0.5- to 3.0-mm larger than the
AV annulus size (1- to 5-mm larger than TEE annulus
ize); a 23-mm THV was implanted in 15 of 27 (56%)
atients. AIBP ranged from 0.2 to 2 atms (mode 0.5 atm).
o patient experienced coronary occlusion, annular damage,
r THV embolization. Using this sizing strategy, no signif-
cant PVL was seen after THV implantation (all patients
rade 1 PVL).
iscussion
ur data support a strategy for selection of a THV that is
ased on balloon sizing. The advantages of this technique
re: the balloon sizing is objective, the measurements can be
ade with existing devices, the data can be acquired safely
uring routine BAV, and the selection of THV is simple
use the smallest THV greater than the balloon annulus
ize). Using this strategy, we have performed 27 THV
rocedures without device complications from over- or
ndersizing. In approximately 1 of every 4 patients, balloon
izing resulted in selection of a specific THV size that could
ot be done by TEE alone.
Until now there have been 3 major strategies used to
elect a THV size: 1) the THV should be more than 2 mm
arger than the TEE annulus; 2) a 23-mm THV should be
Table 2. BAV Procedure Characteristics
No. of Patients and Parameters (%)
Number of balloon inﬂations (range) 2.7 0.7 (2–4)
Balloon sizes used, mm (range) 22.0 1.8 (20–25)
Patients requiring 2 different balloons sizes 14 (52)
Duration of rapid pacing, s (range) 8 1.3 (6–11)
Pre-BAV aortic insufﬁciency (range) 1.0 0.5 (0–2)
Post-BAV aortic insufﬁciency (range) 1.1 0.6 (0–2)
Hemodynamic instability post-BAV 0 (0)
BAV balloon aortic valvuloplasty.mplanted in female patients, and a 26-mm THV should bemplanted in male patients; 3) the THV should be equal to
r larger than the balloon that fills the annulus during BAV
s visualized by echocardiography. There are limitations in
ll these methods. The TEE can be inaccurate because the
nnulus, which is measured in one view, is not a perfect
ircle (9,10). Small changes in angulation, rotation, and
ursor placement during echocardiography can result in
ifferent measurements. Gender-specific implantation is
ased on the observation that an “average-sized” female
equires a smaller THV and an “average-sized” male re-
uires a larger THV. The criteria for “average-sized” pa-
ients remains vague, and THVs of either size have been
mplanted in men and women. Visual inspection during
AV is also subjective. Echocardiographic findings during
alloon sizing of the aortic annulus are variable. In some
atients, the balloon fills the annulus and the annulus does
ot stretch. In others, the balloon stretches the annulus. We
Table 3. Aortic Annulus by TEE and BAV Sizing With Corresponding
THV Size Implanted
Patient #
Aortic Annulus
by TEE
(mm)
Aortic Annulus
by BAV
(mm)
AIBP
(atm)
THV Size
(mm)
1 20 20 1 23
2 22 22 2 23
3 20 20 1 23
4 21 23 2 26
5 19 20 1 23
6 20 21 2 23
7 23 24 0.5 26
8 20 20 0.5 23
9 20 20 0.5 23
10 24 24 0.5 26
11 20 22 0.5 23
12 20 22 1 23
13 21 22 0.75 23
14 23 24.5 0.5 26
15 24 24 0.5 26
16 23 23 0.5 26
17 23 24.5 0.5 26
18 22 25.5 0.2 26
19 23 25.5 0.3 26
20 20 22 0.8 23
21 20 22 0.5 23
22 21 20.5 0.5 23
23 23 24 0.5 26
24 24 25.5 1 26
25 21 22 1 23
26 24.5 25 0.5 26
27 21* 22 0.75 23
Mean  SD 21.3 1.6 22.6 1.8 0.8 0.5 24.2 1.5
*Transthoracic echocardiogram measurement because patient was unable to have transesoph-
ageal echocardiogram (TEE).
BAV balloon aortic valvuloplasty; IABP intra-aortic balloon pressure; THV transcatheterheart valve.
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118eel that these echo findings alone do not identify annular
ize. However, in either case, if the inflation generates
IBP, the correct annulus size has been identified regardless
f the echo findings. Other less commonly used techniques
or annulus sizing have been computed tomography (9,10),
waisting” of the balloon, and balloon inflation with simul-
aneous contrast injection to check the “stop flow” diameter
A. Cribier, personal communication, July 2009). These
echniques may be of merit and await systematic evaluation.
tudy limitations and future directions. The number of
atients in this study was small, which reflects the THV
xperience of most U.S. centers. Further validation of this
trategy will require more data from multiple centers. The
alloons used in this study were of medium compliance and
niform length (4 cm). It is unknown if softer or less
ompliant balloons would improve or diminish the accuracy
f these measurements. Currently we are studying longer
ength balloons (5 cm) using combination indeflator/
nflation syringes with more detailed pressure gauges and
trategies requiring fewer balloon inflations. Bicuspid valves
ere not studied as per the PARTNER (Placement of
oRTic TraNscathetER valve) study protocol. A modified
izing strategy could be studied in patients with bicuspid
ortic valves in future THV protocols.
onclusions
e have described a strategy to select THV size based upon
ortic annulus measurement during BAV (minimal THV
reater than the BAV annulus size). This strategy can be
erformed safely and is an important adjunct to TEE in
atients with borderline echo measurements (26% of pa-
ients). As more THV sizes and newer devices become
vailable, this method should have wider applicability. No
dverse consequences of THV oversizing (annular disrup-
ion, vagally mediated hypotension secondary to annular
tretch, coronary occlusion) or undersizing (THV emboli-
ation or PVL greater than grade 1) occurred using this
ethod. These data suggest that this strategy of THV aelection may improve the safety and efficacy of THV
mplantation.
eprint requests and correspondence: Dr. Vasilis C. Babaliaros,
epartment of Cardiology, Emory University Hospital, 1364
lifton Road, Suite F606, Atlanta, Georgia 30322. E-mail:
babali@emory.edu.
EFERENCES
1. Cribier A, Eltchaninoff H, Bash A, et al. Percutaneous transcatheter
implantation of an aortic valve prosthesis for calcific aortic stenosis: first
human case description. Circulation 2002;106:3006–8.
2. Cribier A, Eltchaninoff H, Tron C, et al. Early experience with
percutaneous transcatheter implantation of heart valve prosthesis for
the treatment of end-stage inoperable patients with calcific aortic
stenosis. J Am Coll Cardiol 2004;43:698–703.
3. Grube E, Laborde JC, Zickmann B, et al. First report on a human
percutaneous transluminal implantation of a self-expanding valve
prosthesis for interventional treatment of aortic valve stenosis. Catheter
Cardiovasc Interv 2005;66:465–9.
4. Grube E, Schuler G, Buellesfeld L, et al. Percutaneous aortic valve
replacement for severe aortic stenosis in high-risk patients using the
second- and current third-generation self-expanding CoreValve pros-
thesis: device success and 30-day clinical outcome. J Am Coll Cardiol
2007;50:69–76.
5. Webb JG, Chandavimol M, Thompson CR, et al. Percutaneous aortic
valve implantation retrograde from the femoral artery. Circulation
2006;113:842–50.
6. Webb JG, Pasupati S, Humphries K, et al. Percutaneous transarterial
aortic valve replacement in selected high-risk patients with aortic
stenosis. Circulation 2007;116:755–63.
7. Babaliaros VC, Liff D, Chen EP, et al. Can balloon aortic valvuloplasty
help determine appropriate transcatheter aortic valve size? J Am Coll
Cardiol Intv 2008;1:580–6.
8. Zoghbi WA, Enriquez-Sarano M, Foster E, et al. Recommendations
for evaluation of the severity of native valvular regurgitation with
two-dimensional and Doppler echocardiography. J Am Soc Echocar-
diogr 2003;16:777–802.
9. Wood DA, Tops LF, Mayo JR, et al. Role of multislice computed
tomography in transcatheter aortic valve replacement. Am J Cardiol
2009;103:1295–301.
0. Tops LF, Wood DA, Delgado V, et al. Noninvasive evaluation of the
aortic root with multislice computed tomography implications for
transcatheter aortic valve replacement. J Am Coll Cardiol Img 2008;
1:321–30.
ey Words: percutaneous  transcatheter  aortic  valve 
nnulus  aortic stenosis  balloon aortic valvuloplasty.
